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(54) Method for marking hydrocarbons with anthraquinones 



(57) A method for invisibly marking a liquid petrole- 
um hydrocarbon. The method comprises adding to the 
liquid petroleum hydrocarbon at least one dye selected 
from the group consisting of 1 ,4,5,8-tetrasubstltuted an- 



thraquinones and anthraquinone dimers. The absorp- 
tion maximum of the dye(s) is in the range from 710nm 
to 850nm. 
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Description 

Background 



maxim™ atove 700 nm ' ^ petroleum hySraatbons »«, ooinpounds hsving an absotplon 



Statement of Invention 



Detailed Description 



predominantly hydyocarboncomposiron t"rarrdJ>ld^^^^ hydrocarbons" refers to products having a 

lie fluid, gasoline, diesel fuel kTrosene et ueTanTn^^^ T[ ^Tj '"'^'^'^''^ ^^^cating oil, brake fluid, hydrau- 
one to twenty carbon atoms in a I near SlnlTor ^tl^! ' ^ydrocarbyl group having from 

double or triple bonds. Substitron "rai^^ arouJ^ °f ^^^^"f ^^"t- AlkyI groups optionally have one or more 

groups may in turn be subst utld by one o'moTe nl,^^^^^ °^ ""^""^ P^-^^^^^^ ^'koxy 

substituents. A "heteroalkyl" g o.pTs Z Z77ouTLlt T^^^ 9^°"^^ "^^^^ ^ - -"<oxy 

Wherein R is hydrogen, ^^l a^ or a^altTA^^^^^^ '"'k"' ''"^^ '^P'^''^^ "y O, NR. or S 

compound. An aryl group has aTotLf S st to i' f ^^^ved from an aromatic hydrocarbon 

or fused. An "araTky? group -^s V^^^- o^^^^^^^^ ^^^^ are separate 

derived from a heterocyclic compound haWnn from fivl ft. ! ^ ^ ^ heterocyclic" group is a substituent 
or sulfur. Preferably. hLrocvcTarouos d^lTT ^'"^ °' "ft^°9en. oxygen 

more halo, cyano. hydroxy alS he3a')<;?ora kox^^^^^^^^ Substitution on aryl or heterocydic groups of one or 
being possible on allyL hLrS^i^ or'^ ^^^^^^ P^e^'rabiy'^S ^ ''""r 9^°^^^ 
atoms. An "aromatic heterocyclic" group is a hScyclfa ouc d.X^d f heterocyclic groups do not contain halogen 
[0006] In a preferred embodiment of the invenron a 4 5 « r.t!^ k > T T heterocyclic compound, 

is added to a petroleum hydrocarbon ,4,5,8-tetrasubst.tuted anthrapuinone dye having formula (I) 




CD 



NH 



and«leas-.lh,«olSi R-.^^aiZ^.M^rJ^lLiL^ .^f'''^'''''''"' More p,M.«l,, X » R»NH 
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troisum hydrocarbon. Anthraqulnone dimers include: (i) substituted derivatives, having X^^x ^''^ to 850 nm, of 
6,15-dihydro-5,9,14,1S-anthra2inetetrone, shown below, 



75 




20 



also known by the trade name INDAN7HRENE; and (ii) other fused dimers of anthraquinones having extended con- 
jugation and A.^ax^^o'T^ 71 Oto 850 nm. Preferably, the anthraquinone dimer is a substituted 6,15-dihydro-5,9,14,1 8-an- 
thrazinetetrone of formula (II). 
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In fonnula (II), R\ R2, RS, and R-^ independently are hydrogen. alkyL heteroalkyi or alkylamino; is hydrogen, alkyi, 
heteroalkyi, alkylamino, arylamino or aromatic-heterocyclic-amino; and R is hydrogen, alkyI, arylamino or aromatic- 
heterocyclic amino; provided that one of R and R^ is arylamino or aromatic-heterocyclic-amino. Preferably, RV R^, R^, 
and R"* are hydrogen. 

[0008] In one preferred embodiment, R^, R^, R^^ r4 and R^ are hydrogen and R is arylamino. Preferably R is a 
hydrogen-bond donor arylamino grouP: e.g., phenylamino. Most preferably, R is phenylamino, such that the compound 
is of fonnula (ill). 
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This compound has a 7^^^ of 790 nm. 

[0009] In another preferred embodiment. R. Ri r2 rs r4 kwh^^ 

compound is of formula (IV). - " . " : h , and R are hydrogen; and RS is phenylamino. such that the 
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(IV) 



preferably less than 2 opm and most preferLbiv 1?= .^^^ °' '^^^ "^^'^ 1 ^ PP^- more 

cannot be detected by Simple visuriTn^J fo^^^'^^^^^^^^ ^'^^ ^^^'"9 ^-''^'^^ -''the dve 

th,s invention .as an absorptior, r^axImumTTh ^ ge^o^ 7' c'n r^"!^^ ^ ''T^' -^^^'^ °' 

nm, and most preferably from 730 nm to 800 nm Preferabrat feast^wo h . preferably from 720 nm to 81 0 

wavelengths are added to the petroleum hyd7oca*oT Pre^I th 'X' ''^ 

hydrocarbon to electromagnetic radiation haLo wavelenotS ir fh^^ l ^ ^^P°^'"9 ^^^ked 

maxima of th. dyes and detecting the absorJ^^^roH cSt M f " T -bso^tion 
oalcaiat,ng dye concentrations and ooncentSn rat o^in Zr TT =^P-^'- °f 

in the art are capable of detecting th. r,J'.t °. -,?l ' "^^^'^.^=.^Vdrocarbon. Typical spectrophotometers known 



least 0.01 ppm. „ is preferred to use m'rd;,;;t;rs rscribeTru ='U7?°." ''^^ ' °' 

analyzer available from Bohm and Haas Compan. P.^Si^^P.^e^a^nal^^^^^^^^^^ 
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the absorption spectrum o1 the dye: and use chemometric analysis of the signal by nnultiple linear regression methods 
to reduce the signal-to-noise ratio. 

[001 1] When the detection method does not involve pertorming any chemical manipulation of the mari<ed hydrocar- 
bon, the sample may be returned to its source after testing, eliminating the need for handling and disposal of hazardous 
5 chemicals. This is the case, for example, when the dyes are deiecied simply by measuring light absorption by a sample 
of the marked hydrocarbon. 

V [0012] In one embodiment of the invention, the dye is fomnulated in a solvent to facilitate its addition to the liquid 

hydrocarbon. The preferred solvents fortetra-substituied anthraquinones are N-methylpyrrolidinone, N,N-dinriethyl pro- 
pylene urea, nitrobenzene, toluene and N.N-dimethylformamide. Preferably, the dye Is present In .the solvent at a 
10 concentration of from 0.1 % to 1 0%. 

Examples 

Example 1: Synthesis of 1 .4,5.8-ietra(phenylamlno)anthraquinone 

15 

[0013] A mixture of 10.87 g of 1 ,4,5,8-tetrachloroanthraquinone , 50 g of aniline, 13.4 g of potassium acetate, 1 .24 
g of copper sulfate, and 3.41 g of benzyl alcohol was heated to ISCC under nitrogen and maintained at this temperature 
for 6,5 hours, followed by another holding period at 170 **C for 6 hours. The reaction mixture was cooled to ambient 
temperature and the precipitate was filtered to give black solids. Recrystallization of the crude product from toluene 
. 20 afforded 6.0 g of a dark green crysialiine material (> 95% purity with the structure confirmed by proton NMR as the 
"* -- desired product: 1 .4,5,&-tetra(phenylamino)anthraquinone. This material had a maximum absorption band (Xmax) & 

wavelength of 750 nm in toluene. The molar extinction coefficient (e) was detennined to be —30,500.* 

Example 2: Synthesis of 1 ,4,5,8-tetra(4-n-butylphenyiamino)anthraquinone 

25 

[0014] A mixture of 10.87 g of 1 ,4,5,8-tetrachloroanthraquinone and 95 g of 4-n-buTylaniline was allowed to react at 
190 ""C tor 12 hours. The reaction mixture was then cooled to 70 °C and diluted with an equal amount of ethanol. On 
standing and further cooling to ambient temperature, some precipitate was formed. The mixture was filtered, washed 
and recrystallized from xyienes/isopropanol to give 6.6 g of a dark green crystalline material (>95% purity) with the 
30 structure confirmed by proton NMR as the desired product of 1 ,4,5.8-tetra(4-n-butylphenylamino)anthraquinone. This 
material had a maximum absorption band {kfj^^^) at a wavelength of 762 nm in toluene. The molar extinction coefficient 
(e) was detemiined to be -36.900. 



Example 3: Detection of Dyes in Petroleum Hydrocarbons 

35 

[001 5] Solutions of 1 ,4,5,8-tetra(phenylamino)anthraquinone (TPAAQ) in xylenes, Texaco"^*^ diesel fuel and Mobir*^ 
regular gasoline at varying concentrations were prepared and analyzed with a laboratory spectrophotometer. The re- 
sults are presented in the Table below, with expected and actual readings expressed as a percentage of the reading 
for 1 mg/mL. 

.^0 

Table 



concentration, mg/mL 


expected reading 


actual reading 


TPAAQ in xylenes 


2.045 


204 


208 


1.063 


106 


105 


0.983 


96 


96 


0.703 


70 


71 


0.402 


40 


40 


0.073 


7 


6 


0.035 


4 


3 


TPAAQ in lexaco"^" diesel fuel 


1.35 


135 


135 
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Table (continued) 



concentration, mg/mL 




actual reading 


TPAAQ 


In Texaco'TM ciiese) fi 


lei 


1.09 


10S 


10S 


0.84 


84 


85 


0.56 


58 


56 


0.33 


33 


33 


0.05 


5 


4 


TPAAQ In Mobir*^ regular gaso 


line 


1 .335 


133 


134 


0.934 


93 


92 


0.565 


56 


57 


0.389 


39 


38 


0.059 


6 


6 


0.046 


5 





to 850 nm. ' ^* "^^^ ^" abson^tion maximum in the range from 71 0 nm 



The method of ciaim 1 in which the liquid petroleum hydrocarbon is 
diesel fuel, kerosene, jet fuel and heating oil. 



selected from the group consisting of gasoline , 



3. The method of claim 2 in which said at least 



one dye has formula (1) 




R — NH 



CD 



or hetrc^cSc' ' ''"^^ °" ^ independently are alky,, aryl, aralky, heteroalkyl 



4. The method of claim 3 in which X is R4nh, and at least three of RV 

5. The method of claim 2 in which said at least one dye has formule 



R2, R3 and R* are aryl or aromatic heterocyc 



:|iC. 



(II) 
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wherein R^, R^^ and R** independently are hydrogen, alkyL heteroalkyl or alkylannino; RS is hydrogen, 
alkyi, heteroalkyl, alkylamino, arylamino or aronnatic-heierocyclic-amino; and R is hydrogen, alky!, arylamino or 
aromatic-heterocyciic-amino: provided that at least one of R and R^ is arylannino or aromatic-heterocyclic-amino. 

A method for invisibly nnarking a liquid petroleum hydrocarbon; said method comprising adding to said liquid pe- 
troleum hydrocarbon a dye of formula (I) 




wherein X is R'^'NH, NKj^ OH or halo; R^ R^, R^ and R^ independently are alkyl, aryL aralkyl, heteroalkyl or 
heterocyclic; at least three of Ri, R2, R3 and are aryl groups; and said dye has an absorption maximum in the 
range from 720 nm to 81 0 nm. 

The method of claim 6 In which X is R'^-NH; R^ R^, RS and R^ independently are aryi or aromatic heterocyclic; the 
liquid petroleum hydrocarbon is selecied from the group consisting of gasoline, diesel fuel, kerosene, jet fuel and 
heating oil; and the dye is detected without performing any chemical manipulation of the liquid petroleum hydro- 
carbon. 

A method for invisibly marking a liquid petroleum hydrocarbon; said method cornprising adding to said liquid pe- 
troleum hydrocarbon a dye of formula (II) 
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R' O R 



(H) 



alkvl h^fJn«,^; T^' r independently are hydrogen, alkyl, heteroalkyl or alkylamino; is hydrogen. 

T^Lnr Z ^ a Mamino, arylamino or aromatic-heterocyclic-amino; and R is hydrogen, alkyl. arylLlno o 

hac ^n^r*^ t °' " ^^'^"^'"^ aromatic-heterocyclic^mino: and said 

aye has an aosorption maximum in the range from 720 nm to 810 nm. 

IarboTr.!,!Ll!l!^'7 ' T"'"'' '^"^^S^"' ^^a liquid petroleum hydro- 

carbons selected from the group consisting of gasoline, diesel fuel, kerosene, jet fuel and heatinq oil- and the 
dye ,s detected without perfomiing any chemical manipulation of the liquid petroleum hydrocaion 

irirr^^'f iT ^ '"r"'"' the liquid petroleum hydro- 

dye .s detected without perfomiing any chemical manipulation of the liquid petroleum hydrocarbon ' 
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